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NASA Centers Nasa

NASA Centers for Battery R&D

NASA Partnerships are found in every
State and many other countries

Goddard Institute
for Space Studies
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Extreme Environments for

%% Planetary Missions

GNASA missions have unique requirements that span from terrestrial to outer planets

wSome missions require high radiation resistant power systems
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wlnner planetary missions require operation at very high temperatures

wOuter planetary surface missions require low temperature operation, some in dense or
tenuous atmospheres
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Space Power
Requirements



o High Temperature Operation (> 4H
o High Specific Energy (>400vkg)

0 Operation in Corrosive Environmengggs: S50

A Rechargeable Batteries for Aerial Platforms
High Temperature Operation (38B5C)

Operation in Corrosive Environments
Low-Medium Cycle Life

High Specific Energy (>20{Vkg)
Operation in High Pressures
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Energy Storage System Needs for e

M™% Outer Planetary Missions

A Primary Batteries/Fuel cells for planetary landers/probes

o High Specific Energy (> 500vVkQg)
o Long Life (> 15 years)
o0 Radiation Toleranc& Sterilizable by heat or radiation

A Rechargeable Batteries for flyby/orbital missio

o High Specific Energy (> 280vVkg)
o Long Life (> 15 years)
0 Radiation Tolerance & Sterilizable by heat or radiation

Uranus/Neptune missions

A Low temperature Batteries for Probes and Landers
0 Low Temperature Primary batteries-80°C) ol NIA&d Q&

Europa Lander

o Low Temperature Rechargeable Batteries6(®C)




Energy Storage System Needs for I

A AC % Lunar Applications
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A 14-day eclipse Lunar Night survivability ang
operability beyond-n ne/ ¥ A Y ONBI
& decreased system complexity g |
A Cislunar Space Lunar Gateway

o Lunar Gateway Power & Propulsion Element |
0 15 year ororbit operational life
0 50 kW class spacecraft with 40 kW EP system

A Lunar Surface

o Landers

0 Rovers (> 50Wh/kg)

o Permanent habitat power
o Permanently Shadowed Regions (PSR)

A EVA suits (> 40&/h/kg, > 100 cycles)

Lunar Rovers



Aeronautics Power
Requirements



Battery Needs for Electric Aircraft I

A Propulsion

A > 400Wh/kg required at the system level

AmnnnQa 2F 0OeéOf Sa

A Extremely high power requirements (@tes) during takeoff
and landing

A Cruise power for long range flights

A High reliability, limited maintenance

A Improved safety for thermal runaway events
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y Representative Examples of oo
' .g:) Aeronautics Mission Requirements™
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Mission | Number of Power Specific EAP
Passengers Level Energy | Configurations

Urban <=4 <50 miles  200-500kW 250¢ 400 A All electric

Mobility Wh/kg A Hybrid Electric

Thin Haul <=9 <600miles  200-500kw  300¢ 600 A Hybrid Electric

Wh/kg

Short Haul 40-80 <600 miles 500- 300¢600 A Hybrid Electric

Aircraft 1500kW Wh/kg

Single 150-190 900mile 1000 750¢ 1000 A Hybrid Electric

Aisle typical 5000kW Wh/kg A Turbo Electric

mission, 3500 minimum

mile maximum
range
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Battery Research &
Development Efforts



Battery R&D:
Space



Lunar Lander Systems

POC: Robert Cataldo, NASA GRC

NASA GRC robes lead center for power system definition and
design in support of lunar landers for science and human
missions

A Cargo Transportation and Landing By Soft Touchdown

(CATALYST) ,
A [D awWm OStf LISNF2NXIyOS OKI NI Ol S 2 NJ
lander
o Demonstrated performance/mass benefits for highergy LG MJ1
cells vs. obsolete Sony HCM cell Astrobotic Peregrine Lander

A Identified and tested military tion battery option (BE2590) for Masten
Space Systems for use in theILtethered flight demonstration

A Volatiles Investigation Polar Exploration Reconnaissance
(VIPER)
A Power profile screening of MJ1 cells
A Advanced Cislunar and Surface Capabilities (ACSC) Human
Landing System (HLS) project
A Surviving lunar night experiments planned for 18650 cells
A Supporting power systems trade analysis

VIPER Lander
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High-Temperature Tolerant Batteries

ongLife Insitu Solar System Explorer (LLISS

POC: Tom Miller, NASA GRC

Primary & rechargeable batteries for high temperature (>4Q)
Venus surface missions

A 60 Earth day mission to provide scientific data (primary battery)

A 120 Earth day mission with wind turbirfer recharge capability to battery F&

LLISSE {house GRC Testing

A Primary battery testing in the Glenn Extreme Environments Rig (GEER) 2
simulated Venus conditions and nitrogen purged furnace facility AN

A Secondary battery cycling under simulated Venus temperatures e ot ™

High Operating Temperature Technology@T Tech o
A Rechargeable molten-S battery for Venus (U of Dayton Research Institi + LHSSEL | &
o 3 year effort¢ demonstrate 300/hkg prototype capable of 16A50 cycles

o Identified a coating technique for high ionic conductivity, thermally stabte, Lk
selective solid electrolyte to operate at molten lithium conditions :

o Developed a custom cell for electrochemical characterization of @ MOKBN Li* || \c<e v probe with wind turbine
full cell for recharging the battery

A High Temperature Longife HiTAL)LPrimary Batterieg (JPL/Eagle Picher)
o 2-year effortg validate 150/hWkg, 5000C prototype battery capable of 30+ aaigsion
o Demonstrated 26 Earth days of operation in single cell at 4750C in a glovebox

o Demonstrated 50+ days of discharge operations at C/1440 with C/10 @ftsesecharging when voltage
drops below minimum o




Gateway Power and Propulsion Element“
e

(PPE)

POC: Patoyselle NASA GRC

First element of Lunar Gateway
A Contract awarded to Maxar Technologies in May 2 A ——
A NASA role to provide insight

Core functions for Gateway:

A Power transfer to other Gateway elements

A Transport of Gateway to multiple cislunar orbits
A Attitude control and orbit maintenance for Gateway stack

A Communications with Earth, visiting vehicles, and initiaEP8EkE\;3t:§rrylF\;f? (LjirzeLnV(\e/E;S:

communications support for lunar surface systems
A Capable of 12 kW peak pow:

A 100 V nominal bus

KeyCharacteristics:
A 2022 launch on partneprovided commercial launctehicle
A Up to one year joint commercial/NASA-orbit flight demo
A 15 year ororbit operational life

A 50 kW class spacecraft with 40 kW EP system
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Saffire: Spacecrdt FireExperiment  Nasa

POC: Rosa Padilla, NASA GRC

Assess the risks of fire and understand prevention, detection, and mitigation
to protect the crew and vehicle

Objective #1 Determine the onset of thermal runaway and ignitability in
pouch cells

Objective #2 Determine the flame structure, energy release, combustion
products and particulates from-lon battery units pouch cells

Objective #3 Assess the flame structure, energy release, combustion
products and particulates from-lon battery units tablets battery pack :
Objective #4 Determine the physical, thermal and chemical mechanisms and Typlca| Lion IOOUCh cell
effectiveness of water suppression on primary fires — -
Objective #5 Quantify the energy release, combustion products, such ag, CO
CO, H, organic compounds, and particulates by varying the environmental
conditions

SAFFIRE Experimental

Hardware
Sensors: high speed video, load cells
gas sensors, radiometers, aerosol e O
measurements, thermocouples, Tablet with patch heater
obscuration meter (visibility), and

relative humidity




Overview of JPL Battery Activities "(&\’f‘

POC: Will West, NASA JPL

A Flight battery development, delivery, and operation of
Li-ion, Li-primary, and thermal batteries:

A e.g. Mars Perseverance rover, Mars Ingenuity helicopter, Europa
Clipper, MarCO, MSL, SMAP, MER, etc.

A Cell chemistry research:
A Wide operating temperature Li-ion electrolytes
A High specific energy Li-CF, primary cells
A High temperature (465°C) rechargeable cells for Venus surface
missions

A Interface engineering (e.g. atomic layer deposition of protective
films, electrolyte additives for tailoring solid electrolyte interphase,

etc.)

A Advanced cell chemistries:
U Ultra-low temperature (-130°C) primary cells
U Li-S, Mg-ion, solid-state, dual intercalating, F-ion, etc. cell chemistrigs



In-Space/OnSurface Manufacturing of Sodium _
on Batteries Using h&itu Resource UtilizationN(Q\S{A

Materials

Overview

POC: Cameroun Sherrard, NASA MSFC

Concept Summary

A Early Career Initiative effoctpromotes early careeled
efforts with engagement across centers

A Sodiumion batteries components are abundant in Lul
and Martial regolith, making ISRU ideal

A Naion could enable improved safety, faster charge ai
higher performance compared to-ion

Goals:

A Produce shapeonformable sodiurion batteries via 3D
printing processes

A Combine additive manufacturing for electronics and
ceramics in a compact, conformal, smart battery

- (onvenilonul design

Material extrusion

N\

Shupe-conformlgble design

hidden into
4 the available
space and
frame

In-situ resource
ufilization
. SN 2

Vat photopolymerization

Partners

The University of Texas at E1 Paso

A leader in advanced manufacturing with
strong experiencein 3D printng of energy
storage devices including hthm-ion
batteries.

% Youngstown State University

T | A rencwned additive mamifacturing

Ry

Execution:

A 2-year effort to demonstrate disruptive technology for
3D printing and ISRU extraction methods

farmlabs

W

f research mstitution. Team has strong

experience in thermal post-processing.
Formlabs

Ome of the top consumer 3D prinfer companies
Formlabs will aid with resm formulation and
parameter definition during printing.

ICON

The leading additive mamifacturmg company of
residential homes in the world. ICON will advise
the direction of the project and technology
demonstration 20






